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(54) Title: AGGREGATE SUPPORTS AND OLEFIN POLYMERIZATION CATALYSTS SUPPORTED THEREON 
(57) Abstract 

The present invention relates to a novel loose aggregate 
catalyst support composition characterized in that the aggregate 
has a surface area from about 100-lOOOmVg, an average particle 
size of from about 5*250 microns, a pore vohune of from 
about 0.5 to 3.0 cc/g in pores having pore diameters under 
1000 Angstroms* and preferably having an AQI hardness of 
greater than 10, and wherein the aggregate particles comprise the 
following components: 1) porous solid particles ftom organic, 
inorganic oxide materials and mixtures thereof, sais particles 
having an average particle size of less than 30 microns; and 
2) a binder to loosely bind the parttoles ton 1) together. In 
anodier embodiment, die catalytic support nuuerial of the present 
invention is comtrined with chromium compounds, Ziegler-Natta 
and Metallocene, or Ni based complexes, Pd based complexes 
catalytic materials resulting in catalytically active compositions 
when appropriately activated. Further disclosed are methods for 
making the support and catalysts and methods for using these 
compositions. 
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AGGREGATE SUPPORTS AND OLEFIN POLYMERIZATION 
CATALYSTS SUPPORTED THEREON 



5 BACKGROUND OF THE INVENTION 

The present invention relates to novel aggregate support compositions that are 
particularly useful for polyolefin polymerization catalysts. The present invention further 
relates to a novel method for making the novel aggregate support composition. 

Using different support materials with different physical characteristics is known 

10 in the art. Agglomerated catalytic support materials and catalysts have been prepared by 
a variety of methods. For example, Grace Davison, a business unit of W.R. Grace & Co. 
currently offers several agglomerated catalytic support materials that are prepared by 
spraying drying an aqueous slurry of various sizes of milled particles of silica hydrogels, 
e.g., Davison 948. These products typically have an AQI of less than 10. Additionally, 

15 U.S. Patent No. 4,228,260 discloses a process for preparing a porous pure silica suitable 
for use with chromium oxide catalysts. The process described therein is of converting a 
silicon-halogen compound to a non-porous silica by flame hydrolysis and then admixing 
with water to form a silica gel. The gel is then spray dried to achieve the required particle 
size and pore volume. U.S. Patent No. 4,657,880 discloses a high surface area 

20 agglomerate of porous silica particles wherein the particle is sintered to provide 

appreciable density and strength. U.S. Patent 4,902,666 discloses a method to prepare 
strong spheroidal solid agglomerates, typically 1-S mm, containing alumina or a mixture 
of alumina and at least one other inorganic material. These agglomerates are formed from 
micron-sized particles Aised together to make polylobed agglomerate particles having a 

25 diameter of O.Smm or larger. U.S. Patent No. 4,704,374 discloses a method of making 
large spheroidal silica particulates produced from a mixture of xerogel or aerogel with 
silica hydrosol. These are particles from 1-10 mm in size and have a pore volume of 0.05 
to 1 . 1 cc/g in pores having a pore diameter of less than 1000 Angstroms. Consequently, 
the thus produced particle is a large mechanically strong particle that is predominantly 

30 silica material. 
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Each support must typically be selected in view of the final polymer sought. 
Small primary particle size is desirable to reduce faults and blemishes in the polymer 
product from silica residues. Severe milling of hydrogel, which produces a broad particle 
size distribution, will reduce primary particle size, but can reduce the pore volume below 
5 acceptable levels for use as a catalyst. Use of small catalyst particles (i.e., 5- 1 0 microns) 
increases catalytic activity. However, slurry loop and gas phase polymerization processes 
require larger particle size (40-100 microns and above) for optimum operation. 
Accordingly, an ideal catalyst would combine small particle size attributes in a larger, 
more readily handled catalyst particle. 

10 The present invention relates to a novel method of producing a novel catalyst 

aggregate support and catalyst material having macroporosity and that provides an active 
catalytic particle that is more active than the typical agglomerated support materials. It is 
believed the aggregate particles of the present invention fragment readily in the 
polymerization reactor, leading to high activity. This novel aggregate particle further 

15 combines the benefits of a large particle for handling purposes and a small particle and 
narrow particle size distribution for polymer reactor purposes leading to a more 
homogenous polymer (with respect to molecular weight and composition) having better 
film appearance. 

20 SUMMARY OF INVENTION 

One embodiment of the present invention is a novel loose aggregate catalyst 
support composition characterized in that the aggregate has a surface area from about 
lOO-IOOOm^/g, an average particle size of from about 5-250 microns, a pore volume of 
from about 0.5 to 3.0 cc/g in pores having pore diameters under 1000 Angstroms, and 

25 preferably having an AQl hardness of greater than 1 0, and wherein the aggregate particles 
comprise the following components: 

1) porous solid particles from organic, inorganic oxide materials and mixtures 
thereof, said particles having an average particle size of less than 30 microns; and 

2) a binder to loosely bind the particles from 1 ) together. 

30 In another embodiment, the catalytic support material of the present invention is 

combined with chromium compounds, Ziegler-Natta, Metallocenc, Ni based complexes. 
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Pd based complexes catalytic materials and mixtures thereof resulting in catalytically 
active compositions when appropriately activated. 

Additional embodiments of the present invention are the methods of producing 
loose aggregate support materials and catalysts. 
5 The method of producing the loose aggregate support composition comprises the 

following steps: 

1 } prepare a slurry in a suitable solvent, preferably water, of the support 
material(s), said support materials having an average particle size of less than 30 microns, 
and the binder, such that on a weight basis of the slurry, the support material is from about 
JO 5 to 40 wt.% and the binder is from about 10 to about 45 wt.% , and the remaining being 
the solvent used; and 

2) spray dry the slurry from step I ) to create the loose aggregate having a 
surface area of from about 100-1000 mVg. an average particle size of from 5-250 microns, 
having a pore volume of from about 0.5 to 3.0 cc/g in pores having pore diameters under 
15 1000 Angstroms, and preferably having an AQI hardness of greater than 10. 

The present invention further includes polymers produced using the catalyst 
systems described herein. 

DETAILED DESCRIPTION OF THE INVENTION 
20 The Support Composition 

One embodiment of the present invention is a novel loose aggregate catalyst 
support composition characterized in that the aggregate has a surface area from about 
lOO-IOOOmVg. preferably from about 150-800 m^/g, and more preferably from 200-700 
mVg. The aggregate has an average particle size of from 5-250 microns, preferably of 
25 from 10- 1 20 microns, and a pore volume of from 0.50 to 3.0 cc/g in pores having pore 
diameters under about 1000 Angstroms, and preferably, an AQI hardness of greater than 
10, preferably of from 15-70. 

The aggregate particles comprise the following components 
1) solid porous particles from organic, inorganic, inorganic oxide materials 
30 and mixtures thereof (also referred to herein as support particles), said particles having an 
average particle size of less than 30 microns, preferably of from 1-25 microns, and most 
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preferably of from 1-10 microns; in the most preferred embodiment, the particle size 
distribution of the support particles is preferable such that 10% are at least 1 micron, 50% 
are less than 5 microns, and 90% are less than 9 microns. 

2) a binder to loosely bind the particles from 1 ) together. 
5 The support particles can be any sufficiently porous inorganic oxide, organic 

materials and mixtures thereof. 

Inorganic oxide support materials include talcs, silicas, titania, silica chromia, 
silica chromia titania, silica-alumina, silica-titania, silica-titania-alumina, zirconia, 
silanized silica, aluminium phosphate gels and mixtures thereof. Preferred support 
10 materials are silica hydrogels, silica xerogels, silica aerogels, silica cogels and tergels 
(e.g., Si-Cr-Ti, Si-Ti and Si-Cr gels). Additional suitable silicas include silanized, fumed 
or precipitated silicas. 

In general, silica hydrogels (a,k.a. aquagels) are silica gels formed in a liquid 
medium which has its pores filled with that liquid medium. A xerogel is a hydrogel with 
15 the liquid medium removed. An aerogel is a special type of xerogel which has the liquid 
removed in a manner that prevents the collapsing of the pore or a change in the pore 
structure. Colloidal or hydrosol silica are terms that refer to stable dispersions or sols of 
discrete particles of amorphous silicas. Precipitated silica is formed when the ultimate 
silica particles are coagulated as loose aggregates in an aqueous medium, recovered, 
20 washed and dried. Fumed silica (a.k.a., aerosils) is a powdered silica made by condensing 
silica from the vapor phase at elevated temperatures. Silanized silica can be any silica 
wherein any of the hydrogens in the hydroxy groups in the silica structure are replaced 
with SiRi, where the R is a hydrogen and/or alkyl groups, thereby silanizing Si in the base 
silica. 

25 Organic support materials include resinous material such as styrene- 

divinylbenzene copolymers, polyethylene, linear low density polyethylene, polypropylene, 
polyvinylchloride, polyvinylalcohol, poly-4-methyl- 1 -pentene, substituted polystyrenes 
and polyacrylates, starches, carbon and mixtures thereof. 

Preferably, the support particles are compositions conventionally used as catalyst 

30 support materials. The degree of porosity in the support may be any level that is 

achievable in the starting material and desirable in the finished product. Preferably, the 
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support particles of the present invention have a pore volume of at least 0.5 cc/g; 
preferably more than 0.8 cc/g; and more preferably from about 1 . 1 to 3 cc/g. 

Pore volume and surface area, for example can be measured from volume of 
nitrogen gas adsorbed in accordance with the BET method. 
5 The binder material suitable for use in this invention is a binder that can be spray 

dried and that will continue to hold together the support particles in a loose aggregate as 
defined above. The binder is preferably selected from the group of silica oxide materials 
having from 5-100% by weight solids. These silica oxide materials can be hydrogels, 
hydrosoK fumed silica* precipitated silica, aluminium sols, and mixtures thereof, 

10 preferably milled hydrogels. Other suitable binder materials include silica co-gels or 
tergels containing chromium, aluminium, titanium and mixtures thereof. For example, 
U.S, Patent No. 3,887,494 teaches one method preparing Si02- Ti02 cogel. Preparation 
of these silicas are well known to those of ordinary skill. Many may be purchased from 
various suppliers such as Grace Davison, a business unit of W.R. Grace & Co. Fumed 

15 silica is available from Cabot Corp. under the "Cab-o-sil" name. 

The binder may have particles within it and such particles should be of such a size 
to be compatible with the support particle size. 

The Catalvst Composition 
20 In another embodiment, the catalytic support material of the present invention is 

useful to support a variety of catalytically active materials such a Chromium, Ziegler- 
Natta, Metallocene, Ni based complexes, Pd based complexes catalyst systems and 
mixtures thereof. 

Chromium catalyst can be made by several methods. For example, a chromium 
25 containing silica gel (e.g., Si-Cr co-gels or Ti-Cr-Si tergels) can be used as the starting 
support particle; alternatively, a chromium containing solution can be added to the slurry 
(before spray drying, e.g., in step 1 ). Chromium catalysts can be also be prepared by 
impregnating the aggregate support with a solution of chromium oxide, a compound that 
can be converted into chromium oxide or a composition containing chromium oxide, 
30 drying the impregnated aggregate particles and activating the catalyst composition 

between 400- IOOO**C. Preferable compounds that can be converted into chromium oxide 
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include chromium acetate, chromium nitrate, chromium actylacelonate and mixtures 
thereof. 

Co-gels such as Ti-Si and tergels such as Ti-Cr-Si can be used as the starling 
support materials to prepare a support for use as in Ziegler-Natta catalytic systems. In 
addition, Ziegler Natta, Ni based complexes, Pd based complexes and metallocene 
catalysts species can likewise be impregnated onto the aggregate particles using well 
known techniques depending on the final catalytic system desired. 

The Method of Making the Support Aggregate 

The method of producing the loose aggregate support composition comprises the 
following steps: 

1 ) preparing a slurry in a suitable solvent of the support materials as 
described above having a pH that can be basic, neutral or acidic depending on the support 
particles and binder selected. Preferably, the pH is from 2-9, with the preferred pH from 
7-8. The slurry may optionally contain manufacturing aids such as surfactants. The slurry 
is preferably from 35-90% by weight solvent and has a solids content of from 10-65% by 
weight, preferably from 10-40 Wt. % solids, and most preferably from 10-20 Wt.% solids. 

Suitable solvents include water, hydrocarbons (including C5-C10 alkanes, 
preferably heptane, hexane. and octanes); aromatics ( preferably toluene and benzene): 
alcohols, glycol ethers and esters, (preferably as isopropyl alcohol, hexanol, n-buioxy 
propanol, t-butoxy propanol; ethoxy ethyl acetate, methoxy propyl acetates, and ethoxy 
ethyl propionate); and mixtures of the foregoing. The preferred solvent is water. 

Processing aids such as surfactants can be added to the slurry when needed. One 
suitable surfactant is Igepal®, a proprietary polyethylene glycol composition that can be 
purchased from Rhone Poulenc Corp. 

2) Spray dry the slurry from step 1 ) to create the loose aggregate particles 
described above. 

Optional steps include milling the starting material before preparing the slurry 
with the binder. The type of milling will depend on the starling material and the desired 
final product. Typical milling operations are well known wet and dry milling procedures. 
Additional optional steps include milling the binder material separately before adding to 
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the slurry and/or either stirring, mixing or milling the slurry after the support particles and 
binder are combined. These are process options that must be determined based on the 
materials used and the applications of the final product. The necessity of these for a 
given selection of materials can be determined without undue experimentation. 
5 For example, depending on the silica binder used, it may be desirable to mill the 

slurry (or the binder separately) to act as a more efficient binder system. 

Furthermore, it may be desirable to calcine the resulting aggregate to remove any 
residual water for certain applications, e.g., when the aggregate is used to support Ziegler- 
Natta and/or Metallocene catalyst systems. Typical calcination can be carried out at 150 - 

10 900 for up to 24 hours. 

Ziegler-Natta, Metallocene. and Ni, Pd based complexes catalysts, cocatalyst and 
activator components can be impregnated in and on the supports of the present invention 
using any number of known techniques. Where suitable (e.g., non-aqueous slurries) the 
catalytic components can be added to the slurry before spray drying. Typically, the 

15 components are deposited on the aggregate after calcining. With respect to Ziegler-Natta 
catalyst system it is possible to use metal oxide -.silica gels as the source of the active 
catalyst metal source, e.g. titania containing silica cogels or tergels . 

''Metallocene'' is defined as an organometallic compound having a transition 
metal, including rare earth metals, in coordination with members of at least one five- 

20 member carbon ring, heterosubstituted five-member carbon ring, or a bridged (ansa) 

ligand defined as two cyclic moieties capable of coordinating to the transition or rare earth 
metals. Wherein the ansa bridge B, can be carbon, silicon, phosphorus, sulfur, oxygen, 
nitrogen, germanium, species such as CH2CH2 (ethylene), Me2Si (dimethylsilyl), PhaSi 
(diphenylsilyl) Me2C (isopropylidene), Ph2P (diphenylphosphoryl) Me2SiSiMe2 

25 (tetramethyldisilane) and the like. In particular, preferred metallocenes are derivatives of a 
cyclopentadiene (Cp), including cyclopentadienyl, substituted cyclopentadienyls, indenyl, 
fluorenyl, tetrahydroindenyl, and 1,1-disubsliluted silacyclopentadienes, 
phosphocyclopentadienes, l-metallocyclopenta-2,4-dienes, bis(indenyl)ethane and 
mixtures thereof. Metallocene catalyst are typically activated by combining the active 

30 metal specie with borate or aluminoxane compounds well known in the art. 
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The transition metal component of the metallocene is selected from Groups IIIB 
through Group VIII of the Periodic Table and mixtures thereof, preferably Group IIIB, 
IVB, VB, VIB and rare earth (he., lanthanides and actinides) metals, and most preferably 
titanium, zirconium, hafnium, chromium, vanadium, samarium and neodymium. Of these 
5 Ti, Zr, and Hf are most preferable. 

'^iegler-Natta'' CZN'^ is defined as a transition metal (Group IflB through VIIIB) 
haltde, alkyi, aryl, or alkoxy compounds and mixtures thereof in combination with a 
Group I through III elements of the Periodic Table. A typical example is TiCU and AlEtv 
Preferred Ziegler-Natta systems are those employing a complex of magnesium 
10 chloride/titantium halide or alkoxy compound and an aluminum alkyI deposited on the 
novel supports of this invention. Methods of producing catalysts are known in the art. 
Electron donors may also be used in Ziegler-Nalta catalyts systems of the present 
invention and include, esters, ethers, amines, silanes and alcohols and mixtures thereof. 

It is also believed that the compositions and methods described herein are suitable 

15 for use with catalysis that are palladium and nickel-based complexes (e.g., Ni. Pd 

coordinated todiimine (non-cyclopentadienyl, nitrogen-containing) ligands) described in 
Brookhart. Johnson, and Killian, J. Am Chem. Soc, 1 17. 6414 (1995). Typical versions 
of these catalysts are cationic and can be activated in ways similar to metallocenes using 
aluminoxanc or borate co-catalysts. 

20 Catalyst systems supported on the aggregate described herein are useful to produce 

polymers using solution polymerization, slurry polymerization or gas phase 
polymerization techniques. As used herein the term polymerization includes 
copoiymerization and terpolymcrization and the terms olefins and olefinic monomers 
include olefins, alpha-olefins, diolefins, stryrenic monomers, acetylenically unstaturated 

25 monomers, cyclic olefins and mixtures thereof. 

Methods and apparatus for effecting such polymerization reactions arc well 
known. The catalyst according to the present invention can be used in similar amounts 
and under similar conditions known to olefin polymerization catalysts. Typically for the 
slurry process, the temperature is from approximately 0 °C to just below the temperature 

30 at which the polymer becomes soluble in the polymerization medium. For the ga.s phase 
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process, the temperature is from approximately O'^C to just below the melting point of the 
polymer. For the solution process, the temperature is typically the temperature from 
which the polymer is soluble in the reaction medium up to approximately 275^C. 
The pressure used can be selected from a relatively wide range of suitable 
5 pressures, e.g., from subatmospheric to about 20,000 psi. Suitable pressure is from 
atmospheric to about 1000 psi, and most preferred from 50 to 550 psi. In the slurry or 
particle form process, the process is suitably performed with a liquid inert diluent such as 
a saturated aliphatic hydrocarbon. The hydrocarbon is a C4 to Cio hydrocarbon, e.g., 
isobutane or an aromatic hydrocarbon liquid such as benzene, toluene or xylene. The 

10 polymer is recovered directly from the gas phase process or by filtration or evaporation 
from the slurry process or evaporation of solvent from the solution process. 

The support and catalyst system of the present invention is particularly suited for 
the gas phase and slurry phase polymerization processes and particularly useful for the 
production of polyethylene and polypropylene. 

15 Figures 

Figures 1-4 are electron microscope photographs of one embodiment of the 
present invention and of a spray dried agglomerated silica. 

Figure 1 is a photographic image of particles from one embodiment (silica 
hydrogel support and milled silica hydrogel as binder) of the present invention. The 
20 photograph was taken with an electron microscope and represents a 500x magnification of 
the actual particles. 

Figure 2 is a photographic image of particles made by spray drying of an aqueous 
mixture of hydrogel and silica and is typical of Davison 948. The photograph was taken 
with an electron microscope and represents a 500x magnification of the actual particles. 
25 Figure 3 is a photographic image of particles from one embodiment (silica 

hydrogel support and milled silica hydrogel as binder) of the present invention. The 
photograph was taken with an electron microscope and represents a lO.OOOx 
magnification of the actual particles. 

Figure 4 is a photographic image of particles made by spray drying of an aqueous 
30 mixture of hydrogel and silica and is typical of Davison 948, The photograph was taken 



wo 97/48742 



- JO- 



PCT/US97/11951 



with an electron microscope and represents a lO.OOOx magnification of the actual 
particles. 

Figure S is a schematic illustration of the apparatus used in the AQI test. 

5 EXAMPLES 

The examples below are illustrative of preferred embodiments of the present 
invention and are not meant to limit the scope of the claim herein. 

Each of the following examples was prepared as follows, with the specific 
information for each material, and characteristics provided in Table 1 . The novel suppons 
10 of this invention were prepared by the novel process described herein. In particular, the 
slurries containing the support and binder materials of desired particle sizes were typically 
blended until a uniform mixture was obtained. The amount of support, binder and solvent 
used was selected to achieve the wt.% ratio of support to binder provided in Table 1 . 
Water was the solvent used in each example. 
15 The slurries (having a average particle size of under 30 microns) were then spary 

dried. With respect to examples 6 and 8, the binder was coarsely ground before being 
mixed with the support material. The mixtures of support and binder materials were then 
comilled to prepare the spray dryer feed having an average particle size of under 10 
microns (and 90% under 30 microns). A Niro spray dryer was used at the manufacture's 
20 standard operating conditions. 

Catalysts were prepared by impregnating the aggregate support material thus made 
as provided in Tables 2 and 3. The polymers were obtained under the conditions provided 
below using a 2-liter Zipperclave reactor (constant temperature and pressure). 
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Table 1 . Description of Aggregate Support 



Example 


Support 
Material 


Port 
A 

9( 


>por( 
Size 
PS/ 
)% 


Binder 
Material 


Suppon: 
Binder 


Surface 
Area 
(mVg) 


Pore 
Volume 
(cc/g) 


AQl 


1 


Aerogel 




10 
M 


Hydrogcl 


12:4 


382 


1.62 


41 


2 


Aerogel 


•V 




HycJrogcl 


9.75:3.25 


381 


1.56 


31 


3 


Azeo. Cogel 
Aerogel # 


5.2 
H 


8 


Hydrogcl* 


10.7:3.5 


395 


1.44 


48 


4 


Azeo. Cogcl 
Aerogel # 


5.2 




8M 


Si/Ti Cogcl 


8:4 


427 


1.39 


67 


5 


Cogcl 
Aerogel 


4.6 

^ , 




Si/Tt Cogel 
*• 


11.8:3.93 


373 


1.15 


36 


6 


Aerogel 


5.3 
H 


8m 


Hydrogcl 


12.5:4.2 


322 


1.61 


53 


7 


Aerogel 


5,3 
*i 


iO 


Fumed 
Silica 


13.8:3.4 


364 


1.63 


53 


8 


Aerogel 


4.6 
M 


28 

H 


Hydrogel 


10.0:3.7 


573 


I..34 


65 


9 


Ffccipitatcd 
Silica 


5H 


12 
M 


Preciptiated 
Silica 
Slurry 


7.5:2.5 


476 


1.27 


34 



Notes: 

5 

Aerogels, cogels and precipitated silicas are available from Grace Davison, a business unit 
of W.R. Grace & Co. Except where noted, the binder materials are from the same base 
gel used to prepare the support (i.e., aerogels) materials. 
Binders were typically 35 wt % solid, 65 wt % water. 

10 

♦Silica hydrogel used in Example 3 was the same as thai used in Example 6. 

**Si/Ti Cogel binder used in Examples 4 and 5 was prepared by milling cogel hydrogcl 

(nominal surface area = 400 m^/g, pore volume =1.1 cc/g). 

15 *** Fumed silica purchased from Cabot Corp., "Cab-o-Sil." 
# Azeoiropically dried Cogel of Silica/Ti. 
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Catalyst Example 10. 

10.0 grams of support Example 1 , previously calcined at 600 "C for 4 hours, was 
slurried in 50 mL of heptane. Dibutylmagnesium (20 mmol) was added dropwise and the 
slurry was stirred for I hour. Anhydrous hydrogen chloride was bubbled through the 
5 suspension for 10 minutes (or until an aliquot of the suspension was slightly acidic). 
Excess HCl was removed by purging the flask with argon for 10 minutes. The off-white 
slurry was treated with 2.9 mmol of TiCU and stirred for I hour. Diethylaluminum 
chloride (DEAC, 25 mmol) was added dropwise and stirring continued for 2 hours. 
Volatiles were removed under vacuum to yield a free-flowing powder. 
10 Catalyst Example 1 L Prepared using the same procedure as Example 10 except 

employing 10.0 grams of support Example 2» previously calcined at 600 "C for 4 hours. 

Catalyst Example 12 . Prepared using the same procedure as Example 10 except 
employing 10.0 grams of support Example 7, previously calcined at 600 "C for 4 hours. 

Catalyst Example 13. Prepared using the .same procedure as Example 10 except 
15 employing 10.0 grams of support Example 9, previously calcined at 600 "C for 4 hours. 

Catalyst Example 14 . Prepared using the .same general procedure as Example 13 
except employing the following amounts of reagents: 25.0 mmol of dibutylmagnesium; 
3.6 mmol of TiCU; 31.0 mmol of DEAC. 

Catalyst Example 15. Prepared using the same procedure as Example 1 0 except 
20 employing 10.0 grams of support Example 8, previously calcined at 600 "C for 4 hours. 

Catalyst Example 1 6. Prepared using the same procedure general procedure as 
Example 15 except employing the following amounts of reagents: 40.0 mmol of 
dibutylmagnesium; 5.8 mmol of TiCU; 50.0 mmol of DEAC. 

Catalyst Example 17. Prepared using the same general procedure as Example 10 
25 except employing 10.0 grams of support Example 8, previously calcined at 600 "C or 4 
hours, and the following amounts of reagents: 25.0 mmol of dibutylmagnesium; 5.6 mmol 
of TiCU; 50.0 mmol of DEAC. Prior to removal of volatiles, 0.2 mL of 2,6-lutidine was 
added and the resulting slurry was stirred an additional 1 hour. Drying under vacuum 
again produced a free-flowing powder. 
30 Comparative Example CEl . Prepared using the same procedure as Example 10 

except employing 10.0 grams of Sylopol 948 previously calcined at 600 "C for 4 hours. 
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Comparative Example CE2 , Prepared using the same procedure as Example CEI 
except employing the following amounts of reagents: 40.0 mmol of dibutylmagnesium; 
5.8 mmol of TiCU; 50.0 mmol of DEAC. 

Table 2 

5 Description of the Catalyst Made and Polymer 



Example 


Support 
Example 


%Mg 


%TI 


%AI 


RxT(T) 


Activity 


MI 


HLMI 


MFR 


10 




3.35 


0.66 


4.35 


75 


5400 


0.97 


38.4 


39.5 


11 


2 


3.41 


0.69 


3.9 


75 


5510 


1.23 


51.1 


41.6 


12 


7 


3.42 


0.68 


4,24 


75 


5040 


1.04 


39.3 


37.8 


13 


9 


2.92 


0.6 


3.62 


75 


4770 


1.27 


50.7 


39.9 


14 


9 


3.93 


0.78 


4.72 


75 


4430 


1.4 


55.2 


39.4 


15 


8 


3.51 


0.71 


4.31 


75 


4770 


0.94 


34,3 


36.5 


16 


8 


5.29 


1.07 


6.05 


75 


8710 


0.69 


24.7 


35.8 


17 


8 


3.18 


1.05 


6.47 


75 


5980 


0.61 


18.8 


30.8 


CEI 


Sylopol 
948 


3.14 


0.72 


4.13 


75 


3300 


0.55 


20.8 


37.8 


CE2 


Sylopol 
948 


5.14 


1.05 


5.8 


75 


3760 


1.02 


40.2 


39.5 



General Synthetic Procedures. In catalyst preparation, Schlenk and glove box 
techniques were used throughout to exclude water and oxygen. All solvents were 

10 thoroughly dried and degassed prior to use. 

Examples 10-17 & Comparative Examples, CEI &2: Polymerizations performed at 75 
C, 60 psig H2 partial pressure, 120 psig ethylene partial pressure. Catalyst amounts varied 
between 15-50 mg, corresponding to between 4.5 and 7.5 micromoles of Ti. 
Polymerizations were initiated by addition of 0.75 millimoles of triisobutyl aluminum 

15 (TiBAI). Activity is expressed as g polymer/g catalyst-hr. 

Catalyst Example 18: 10.0 grams of the agglomerated cogel support Example 4 
was slurried in 50 mL of heptane and treated with 20 mmol of butylethylmagnesium. 
Stirring was continued for 1 hour. Chlorotrimethylsilane (9 mL) was added and stirred 
for 30 minutes. Boron trichloride (20 mmol) was added slowly and stirring continued for 

20 an additional hour. The resulting solid was collected on a frit, washed twice with 50 mL 
of pentane and dried under vacuum at room temperature. 

Catalvst Examples 19 and 20 . Same general procedure for Example 18 except that 
0.3 mL of 2,6-lutidine was added subsequent to boron trichloride and stirred an additional 
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hour. The resulting solid was collected on a frit, washed twice with 50 mL of pentane and 
dried under vacuum at room temperature. 



Table 3 



Example 


Support 
Example 


%Mg 


%Ti 


RxXrC) 


Activity 


MI 


HLMI 


MFR 


18 


4 


3.24 


1.73 


75 


3450 


1.66 


60.9 


36.7 


19 


4 


3.07 


1.72 


75 


2180 


0.65 


18.4 


28.1 


20 


4 


3.07 


1.72 


85 


2470 


1,9 


50.1 


26.4 



Examples 17-19 (Table 3): Polymerizations performed at the indicated temperature, 60 
psig H2 partial pressure. 120 psig ethylene partial pressure. Polymerizations were 
initiated by addition of 50 mg of catalyst and 0.75 millimoles of TiBAl. Activity is 
expressed as g polymer/g catalyst-hr. 

The Melt index of the final resin was determined using ASTM Proc D1238, 
Cond.E, Procedure A; High Load Melt Index by ASTM Proc. D1238, Cond. F. Procedure 
B; MFR is calculated by dividing the HLMI by the MI. 

The AQI (Attrition Quality Test) is a Grace Davison test used to rank the hardness 
of a material. The quality index is a measure of the materiaFs resistance to particle size 
reduction under controlled conditions of turbulent motion. AQI represents the weight 
percent of the over 16 micron size fraction which is reduced to particle sizes less than 16 
microns under the test conditions. 

The baseline of the 0- 1 6 micron fraction is determined by the Mastersizer 
(tradename of Malvern Corp) particle size analyzer. A 5 gram sample of material is 
placed in a covered cup subjected to a tangential jet of air at a rate of 9 liters per minute at 
a 60% Relative Humidity introduced through an orifice fixed at the bottom of the covered 
cup for a period of 30 minutes. The fines generated by the attrition mechanism and the 
coarse particles left in the cup after attrition are combined and mixed. The percent of 0- 
16 micron fines after attrition are then determined on the mixture by the Mastersizer 
particle size analyzer. A schematic illustration of the equipment used in this test is 
provided in Figure 5. 
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The calculation is as follows. 

AQI=% less than 16 microns minus % less than 16 microns pre-attrition test. 
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We Claim : 

1 . A loose aggregate catalyst support composition characterized in that the 
aggregate has a particle size of from S-2S0 microns, a surface area of from about 100 - 

5 1000 m^/g and an AQI hardness of greater than 10, said aggregate particles comprising: 

1 ) loosely bound support particles formed from solid support particles 
selected from the group consisting of organic and inorganic oxide materials and mixtures 
thereof, said support particles having an average particle size of less than 30 microns; and 

2) a binder to loosely bind the particles from step 1 ) together. 

10 

2. The aggregate composition of claim 1 wherein the support particles are 
selected from the group consisting of talcs, silicas, titania, silica-alumina, silica-chromia, 
silica-chromia-titania, silica-titania, silica-titania-alumina, zirconia, silanized silica, 
aluminium phosphate gels, styrene-divinylbenzene copolymers, polyethylene, linear low 

15 density polyethylene, polypropylene, polyvinylchioride, polyvinylalcohol, poly-4-methyl- 
1-pentene, substituted polystyrenes and polyacrylates, starches, carbon and mixtures 
thereof; and the binder is selected from the group consisting of silica hydrogeis, silica 
cogels and tergels, silica hydrosol, fumed silica, precipitated silica and mixtures thereof. 

20 3. The aggregate composition of claim 2, wherein the support particles have 

an average particle size of from S to 25 microns, and the aggregate composition has an 
AQI of from 1 5-70 and a surface area of from 150-800 mVg. 

25 4. The aggregate composition of claim 3. wherein the support particles have 

an average particle size of from I to 10 microns, and the aggregate composition has a 
surface area of from 200-700 mVg. 
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5. The method of producing a loose aggregate support composition, said 
method comprising the following steps: 

1 ) preparing a slurry of support particles, wherein the average size of the 
support particles is less than 30 microns, in a solvent with a binder; and 
5 2) spray drying the slurry from step 1) to create the loose aggregate having a 

surface area from about 100 - 1000 mVg, and a particle size of from S -250 microns. 



6. The method of claim 5 wherein the method further comprises the steps of 
selecting the support particles from the group consisting of talcs, silicas, tttania, silica- 

10 alumina, silica-chromia, silica-chromia*titania, silica-titania, silica-titania-alumina, 

zirconia, silanized silica, aluminium phosphate gels, styrene-di vinyl benzene copolymers, 
polyethylene, linear low density polyethylene, polypropylene, polyvinylchloride, 
polyvinylalcohol, poly-4-methyl-l-pentene, substituted polystyrenes and polyacrylates, 
starches, carbon and mixtures thereof; and the binder from the group consisting of silica 

15 hydrogels, silica cogels and tergels, silica hydrosol, fumed silica, precipitated silica and 
mixtures thereof. 



20 



7. The method of claim 6 wherein the method further comprises the step 
wherein the solvent is selected from water, C5 -CIO hydrocarbons, aromatics, alcohols, 
glycol ethers, esters and mixtures of the foregoing. 
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8. A catalyst composition comprising: 

A) a loose aggregate catalysts support composition characterized in that the 
aggregate has a particle size of from S - 250 microns, a surface area of from about 100 - 
1000 mVg and an AQI hardness of greater than 10, said aggregate particles comprising: 
5 1 ) loosely bound support particles formed from solid support particles 

selected from the group consisting of organic and inorganic oxide materials and mixtures 
thereof, said support particles having an average particle size of less than 30 microns; 
2) a binder to loosely bind the particles from step 1 ) together; and 
B) a catalytically active metal component selected from group of chromium 
10 compounds, Ziegler-Nattas, mctallocenes, Ni based complexes, Pd based complexes and 
mixtures thereof. 

9, The catalyst composition of claim 8 wherein the support particles are 
selected from the group consisting of talcs, silicas, tiiania, silica-alumina, silica-titania, 

15 silica-chromia, silica-chromia-titania, silica-titania-alumina, zirconia, silanized silica, 
aluminium phosphate gels, styrene-divinylbenzenc copolymers, polyethylene, linear low 
density polyethylene, polypropylene, polyvinylchloride, polyvinylalcohol, poly-4-methyl- 
1-pentene, substituted polystyrenes and polyacrylates, starches, carbon and mixtures 
thereof; the binder is selected from the group consisting of silica hydrogels, silica cogels 

20 and tergcls, silica hydrosol, fumed silica, precipitated silica and mixtures thereof; and the 
catalytically active material is selected from the organometallic compounds having a 
transition metal, including rare earth metals, in coordination with members of at least one 
flve-member carbon ring, heterosubstituted five-member carbon ring, or a bridged (ansa) 
ligand defined as two cyclic moieties capable of coordinating to the transition or rare 

25 earth metals; a Group IIIB through VIIIB transition metal halide, alkyl, aryl, or alkoxy 
compounds and mixtures thereof in combination with a Group 1 through III elements; 
chromium acetate, chromium nitrate, chromium aciylacetonate, Ni based complexes, Pd 
based complexes and mixtures of any of the forgoing catalytically active materials. 
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1 0. The catalyst composition of ciaim 9, wherein the support particles have an 
average particle size of from 1 to 25 microns, and the aggregate composition has an AQI 
of from 15 to 70 and a surface area of from 150-800 mVg. 

1 1 . The catalyst composition of claim 1 0, wherein the support particles have 
an average particle size of from 1 to 10 microns, and the aggregate composition has a 
surface area of from 200-700 mVg. 

1 2. The method of producing a catalyst composition* the method comprising 
the steps of: 

1 ) prepare a slurry of support particles, wherein the average size of the 
support particles is less than 30 microns, in a solvent widi a binder; 

2) spray dry the slurry from step 1 ) to create the loose aggregate having a 
surface area from about 100 - 1000 mVg, and a particle size of from 5 -250 microns; and 

and adding catalytically active material in one of the following ways: 

3a) selecting the support particle for step 1 ) containing a catalytically active 
metal and, optionally, adding an appropriate co-catalysts or activator to the slurry before 
spray drying or by impregnation after spray drying; 

3b) adding a catalytically active material before spraying drying and, 
optionally, adding an appropriate co-catalysts or activator to the slurry before spray 
drying or by impregnation after spray drying; and/or 

3c) impregnating the loose aggregate following step 2) with a catalytically 
active material and, optionally, adding an appropriate co-catalyst or activator to the slurry 
before spray drying or by impregnation after spray drying. 
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13. The method of claim 12 wherein the method further comprises the steps of 
selecting the support particles from the group consisting of talcs, silicas, titania, silica- 
alumina, silica-titania, silica-chromia. silica-chromia-titania, silica-titania-alumina, 
zirconia, silanized silica, aluminium phosphate gels, styrene-divinylbenzene copolymers, 
5 polyethylene, linear low density polyethylene, polypropylene, polyvinylchloride, 

polyvinylalcohol, poly-4-methyM-pentene, substituted polystyrenes and polyacrylates. 
starches, carbon and mixtures thereof; and the binder from the group consisting of silica 
hydrogels, silica cogels and tergels» silica hydrosol, fumed silica, precipitated silica and 
mixtures thereof; and the catalytically active material is selected from the organometalltc 

10 compounds having a transition metal, including rare earth metals, in coordination with 
members of at least one five-member carbon ring, heterosubstituted five-member carbon 
ring, or a bridged (ansa) ligand defined as two cyclic moieties capable of coordinating to 
the transition or rare earth metals; a Group IIIB through VIIIB transition metal halide, 
alkyl, aryl, or alkoxy compounds and mixtures thereof in combination with a Group 1 

15 through III elements; chromium acetate, chromium nitrate, chromium actylacetonaie, Ni 
based complexes, Pd based complexes and mixtures of any of the forgoing catalytically 
active materials. 



14. The method of claim 1 3 wherein the method further comprises the step 
20 wherein the solvent is selected from water, C5 -CIO hydrocarbons, aromaiics, alcohols, 

glycol ethers, esters and mixtures of the foregoing. 

15. The composition produced by any of the methods of claims 5, 6, 7, 1 2. 1 3, 

or 14. 

25 

16. A polyolefin produced by a polymerization process comprising contacting 
one or more monomers polymerizable under suitable polymerization conditions with a 
composition from claims 1, 2, 3, 4, 8, 9, 10. 1 1.15 or produced according to the method 
of claims 5, 6. 7, 12. 13, or 14 in a reaction zone. 



30 
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17. The polymer of claim 1 6 wherein the polymerization process is a slunyor 
gas polymerization process. 



5 



1 8. The polymer of claim 1 6 wherein the polymer produced is polyethylene or 
polypropylene. 



BEST AVAIUBLE COPY 

wo 97/43742 PCT/US97/11951 



FIG.1 




FIG. 2 

SUBSTITUTE SHEET (RULE 26) 



wo 97/48742 



BEST AVAILABLE COPY 



1»CTAJS97/111>S1 



2/3 




FIG. 3 



.E>c-tH?rha, 1 Pore 


Structure- 


J ^ 














> 












WRC 1 . 8 k V 


X 1 0 . 0k 3 ; E 


i*0 m 



FIG.4 

SUBSTITUTE SHEET (RULE 26) 



wo 97/48742 



PCTAJS97/11951 




SUBSTITUTE SHEET (RULE 26) 1 



INTERNATIONAL SEARCH REPORT 



Ink Jonai AppOeatlon No 

PCT/US 97/11951 



A. CLASSIFICATION OP SUBJECT MATTER 

IPC 6 C08F10/eO Ce8F4/02 B01J37/00 BeiJ31/22 



AeeoRiing to Intornatiofial Patent Clawifioalkin(IPC) or tebolh naBowalclMtiioajton and IPO 



B. FIELDS SEARCHED 



MMmum dooumentation Maralwd (oloatlfioation syatMn followed by ofaMllMion 

IPC 6 C08F BOIJ 



Ooouirantolion laarohad ettwr than minimum dooumantation to tha axtant that auch dooumonte are Inohidad in th* ftefda Marahad 



Ebetranio data boaa oontulted duimg tha international aaaroh (nam* ol data baaa and, whara praotical, aMuoh feimna uaad) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Calagofy • Cftatlon of deoumanl, with indbaMon. wlwia apprapfiata^of lha rolawantpaaaaoaa 



P.A 



EP 0 698 622 A (BP CHEN INT LTD) 28 
February 1996 

see page 2. line 15 - page 3, line 16; 

claims 1-12 

WO 93 23438 A (UNILEVER PLC :UNI LEVER NV 
(NL): JOSEPH CROSFIELO & SON LTD (GB)) 25 
November 1993 
see claims 11,34»36,37 

US 4 070 286 A (ILER RALPH KINGSLEY ET AL) 
24 January 1978 
see claim 1 

WO 96 34062 A (GRACE GMBH ;BELLIGOI PETER 
(DE); FIELD REX (OE); LUEERS GEORG (DE)) 
31 October 1996 

see page 6, line 3 - line 7; claims 1,6 



1-4,8-18 



1-3. 

5-10, 

12-18 



1.2 



1.2.5 



□ 



Furlhar doouinonto art iaiad inth* oontbiualion of box C. 



)(| PitonI family mairban an Mad in annax. 



* SpaoHl oataQonoa d oftod doouRwnts i 

*A- doeumanldafininglhaflanafAlatidaortha artwhlehlanal 

oanaidaiiad to ba of partieular lalavanoa 
*E' earHar dooumant but publiahad on or aftar tha intamaffonal 

filing dato 

V dooumant iirtuoh may thraw dotibta on priority «lalm(a) or 
wliieli la oiad to oatabfiah Iho pufalioation date of anottmr 
ottalionorolharapaoiali»aaon(aa apaoMadD 

'O* dooumant referring to an oral dnfliooim,ut«i axhbttonor 



"P* dooumenpt pubtahMl prior to th« ht»mctiDna} fiHng data but 
(aiar than th« priority dat* otelnwd 



*r latardooumanlpubiiahadallartha intemalionAl fifng data 
or priority date and not in eonfMwKhlh* appliootion but 
oiladtpundafatBndlhaprineilplaorthaofy undarlying tha 
invanban 

*X* dooumant of p«itioularretovanoa;th«olaJmad invonlien 
eannotbaeontldaradnovaloroannotbaoonaidared to 
bwolva an invontiireatapwhontho dooumant ia takonalona 

"V* dooumant of pariiouiarrelavanee; tha olaimMi invwition 
otttnoftbaoonaidafadtoinvoWaaninvantKre alapwhantha 
dooumant la oombhiadwihona or moffaottiar auohdoau- 
mante, Buoh oonMrutfonbaing obvioua to a paraon aldltad 
In tha ait 

*A* dooumant mambar of diaaama patent lamiy 



Date of tha aotual oomptotion of tha intomatenal aaaroh 



14 October 1997 



Date of mailing of tha intomattenal aoarah report 

2 3. la 97 



Nana and mailing addreaa of tha ISA 

Eunipaan Patont Offica, P.B. 5810 Patantlaan 2 

NL-2280 HV Rljswijk 

TaL (♦31-70) 340-2040. Tx. 31 651 aponi, 

Fax: (t31-70) 340>3016 



Authorixodolfioar 



Pari a, C 



FofmPCT/lSA/210 (Mcond thMl) (July 1992) 



INTERNATIONAL SEARCH REPORT 

IntormaUon on potent famHy membsrs 


Mm. .anal AppUcatlon No 

PCT/US 97/11951 


Patent document 
cited in search report 


Publioation 
dale 


Patent family 
meml>ar(B) 


Publioation 
date 


EP 0698622 A 


28-02-96 


NONE 






WO 9323438 A 


25-11-93 


AU 4079093 A 
EP 0640103 A 


13-12-93 
01-03-95 



US 5426082 A 20-06-95 



US 4670286 A 



24-01-78 



CA 


1087593 A 


14-10-80 


CH 


625973 A 


30-10-81 


DE 


2641548 A 


29-12-77 


FR 


2354808 A 


13-01-78 


GB 


1566114 A 


05-04-78 


JP 


1341877 C 


14-10-86 


JP 


52152882 A 


19-12-77 


JP 


61007858 B 


10-03-86 


SE 


420570 B 


19-10-81 


SE 


7610155 A 


16-12-77 


US 


4165426 A 


68-68-78 



WO 9634062 A 31-10-96 OE 19516253 A 31-10-96 

AU 5760296 A 18-11-96 



Foim PCT/taA/210 (fMtanl Imtf miiwi) (July 1992) 



